SUMMARY The mean pressure difference across the valve in aortic stenosis is an indicator of the severity of the obstruction to flow. Non-invasive determination of the mean pressure gradient by Doppler ultrasonography is, however, complicated by the squared relation between instantaneous velocities and pressure differences. The validity of a new simple formula for calculation of the mean pressure difference from the peak pressure difference was evaluated in 26 patients with aortic stenosis. The formula is: Apmean = 0 64 APpeak, where APmean is the mean pressure gradient and LlPpeak the peak pressure gradient. There was a close correlation between the mean pressure differences determined by application of the formula to the peak pressure differences measured at catheterisation and the mean pressure differences obtained by planimetry (r = 0 97, SEE = 4.7 mm Hg). The correlation between mean pressure differences determined by continuous wave Doppler ultrasound and the formula and those measured by planimetry was also close (r = 091, SEE = 7 6 mmHg) and only three patients showed a difference between the two methods of >10mmHg.
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The (6) The mean pressure gradient can thus be expressed: Apmean = O064APpeak.
The present study was undertaken to evaluate the accuracy of this formula when it was applied to invasively measured and Doppler derived transvalvar pressure differences in patients with aortic stenosis.
Patients and methods

PATIENTS
Twenty six consecutive adult patients referred for evaluation of suspected aortic stenosis were included in the study. There were fifteen men and eleven women whose ages ranged from 49 to 77 years (mean 62). Fifteen patients had aortic stenosis with no or only minimal regurgitation, eight had moderate or moderately severe regurgitation, and three had severe regurgitation according to angiography. 3 Fourteen patients had concomitant mitral regurgitation, which was considered to be minimal in twelve and moderate in two. ' Catheterisation data were used to obtain the peak pressure difference, which was taken to be the largest instantaneous pressure difference measured between the left ventricular and aortic pressure curves. The mean pressure difference was calculated by planimetry of the area between the two pressure curves. In addition, the mean pressure difference was calculated from equation (6) . The pressure differences were calculated from five representative beats and averaged.
Doppler recordings were analysed to obtain the peak instantaneous systolic flow velocity (vpeak), and the peak pressure difference (APpeak) was calculated from the modified Bernoulli equation, J Ppeak = 4 (Vpeak)2.' The mean pressure difference was calculated from the peak pressure difference using equation (6 Figure 1 shows the similarity of the results obtained by the two methods in our study. There was no obvious correlation between the difference and the mean of the two methods, and only one patient showed a discrepancy between the two measurements that (6) Figure 2 shows the relation between the Doppler derived peak pressure gradients and the gradients measured at catheterisation (r = 0 93, SEE = 9-8 mmHg). Figure 3 shows the mean pressure gradients obtained from Doppler data by application of the equation (6) three patients showed a difference between the methods of > 10 mm Hg. (6) to the Doppler derived peak pressure gradient and the catheterisation mean pressure gradient measured by planimetry plotted against the mean by both methods.
Discussion
Doppler ultrasonography has proved to be a reliable method for the non-invasive quantification of the peak pressure gradient in aortic stenosis.6-8 The lack of any significant difference betweeen the peak pressure gradients determined by the Doppler technique and at catheterisation in this study further supports the reliability of the Doppler technique. The peak pressure difference has, however, some important drawbacks. It is not widely used in hydraulic formulas, which makes it inconvenient as a measurement of the severity of stenosis. Measurements from pressure curves are not as easy to do as measurements from velocity recordings and they may become obscured by pressure oscillations if fluid filled catheters are used. In addition, considerable errors may follow minor deviations of timing when pressure curves from different heart beats are superimposed.
The peak to peak pressure difference, which is routinely measured at catheterisation, mainly because it is convenient, cannot be measured by the Doppler technique because the peaks of the left ventricular and aortic pressure curves occur at different times. Replacing the peak to peak pressure difference with the Doppler derived peak pressure difference may greatly overestimate the severity of the stenosis, particularly in patients with moderate stenosis or increased flow (or both). The peak pressure gradient exceeded the peak to peak gradient by 48 mmHg in one patient. Differences of this magnitude have also been recorded by others. 5 The mean pressure difference reflects the changes of the pressure difference during systole and may be used to estimate the severity of stenosis. In addition, there is usually close agreement between the mean pressure gradients acquired from adequate Doppler 6 8 Determination of the mean pressure differences from Doppler recordings, however, requires measurements of instantaneous flow velocities at short intervals throughout systole. The velocities then have to be squared and the area of the resulting (pressure) curve calculated.6 This procedure is time consuming and impractical for clinical purposes. Zhang and Nitter-Hauge suggested a new formula to facilitate calculation of the mean pressure difference,10 but the mean flow velocity is still needed in their formula.
The relation between the mean and peak pressure difference depends on the configuration of the pressure curve. Theoretically, the curve may be triangular at one extreme and rectangular at the other, the mean pressure difference ranging between 1/3 and 1 of the peak pressure difference.'0 In practice, however, the configuration of the curve rarely gets near these extremes. Our results show that the pressure drop curve may be regarded as a simple sine wave.
Estimation of the mean pressure difference from the peak pressure difference by the formula provided may simplify the comparison of non-invasive and catheterisation data. Most importantly the accuracy of the Doppler derived mean pressure difference determined by the formula is not reduced. This study was supported by grants from the University of Umea.
